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Lq wklv vwxg| ehkdylru lq d Frxuqrw gxrsro| zlwk wzr surgxfwlrq shulrgv +wkh pdunhw fohduv
rqo| diwhu wkh vhfrqg shulrg, lv frpsduhg wr ehkdylru lq d vwdqgdug rqh0shulrg Frxuqrw gxrsro|1
Wkhru| suhglfwv wkh hqgrjhqrxv hphujhqfh ri d Vwdfnhoehuj rxwfrph lq wkh wzr0shulrg pdunhw1
Wkh uhvxowv ri wkh h{shulphqwv/ krzhyhu/ uhyhdo wkdw lq erwk pdunhwv +urxjko|, v|pphwulf rxw0
frphv hphujh dqg wkdw/ diwhu d vkruw dgdswdwlrq skdvh/ dyhudjh lqgxvwu| rxwsxw lq wkh wzr0shulrg
pdunhwv lv wkh vdph dv lq wkh vwdqgdug rqh0shulrg pdunhwv1
Nh|zrugv= Frxuqrw gxrsro|> Vwdfnhoehuj>  h{lelolw|> h{shulphqwv1
MHO fodvvlfdwlrq qxpehuv= F:5> F<41
4 Lqwurgxfwlrq
Lq wkh vwdqgdug Frxuqrw gxrsro| erwk upv duh dvvxphg wr ghflgh rqfh dqg vlpxowdqhrxvo| derxw
wkhlu rxwsxwv ehiruh wkh pdunhw fohduv1 Vdorqhu +4<;:, dqdo|}hv dq h{whqghg pdunhw jdph doorzlqj
iru wzr surgxfwlrq shulrgv ehiruh wkh pdunhw fohduv1 Lq wklv prgho/ wkh lqlwldo rxwsxwv fkrvhq
lq wkh uvw surgxfwlrq shulrg ehfrph sxeolfo| nqrzq ehiruh upv ghflgh derxw wkhlu dgglwlrqdo
qrq0qhjdwlyh rxwsxwv lq wkh vhfrqg surgxfwlrq shulrg1 Rqo| diwhu wkh vhfrqg surgxfwlrq shulrg
wkh pdunhw sulfh lv ghwhuplqhg dffruglqj wr wkh wrwdo dprxqw ri rxwsxw surgxfhg lq erwk shulrgv1
￿
L wkdqn Glun Hqjhopdqq dqg Duqr Ulhgo iru khosixo frpphqwv1 Wkh dxwkru dfnqrzohgjhv qdqfldo vxssruw iurp
wkh Jhupdq Uhvhdufk Irxqgdwlrq/ GIJ1 Ixuwkhupruh/ kh wkdqnv wkh Fhqwhu iru H{shulphqwdo Vrfldo Vflhqfh +FHVV,
dw Qhz \run Xqlyhuvlw| +zkhuh sduw ri wklv uhvhdufk zdv grqh, iru lwv krvslwdolw|1
￿
Ghsduwphqw ri Hfrqrplfv/ Zdudqghoddq 5/ Srvwexv <3486/ 8333 Oh Wloexuj/ Wkh Qhwkhuodqgv/ Id{ .64 46 799
6793/ hpdlo= z1pxhoohuCxyw1qo1
4Pruhryhu/ surgxfwlrq frvwv duh dvvxphg wr eh wkh vdph lq erwk shulrgv1 Vdorqhu vkrzv wkdw lq
fdvh ri frqvwdqw pdujlqdo frvwv dqg olqhdu ghpdqg
￿
dq| rxwfrph rq wkh rxwhu hqyhorsh ri wkh
ehvw0uhvsrqvh ixqfwlrqv ehwzhhq dqg lqfoxglqj wkh upv* Vwdfnhoehuj srlqwv
￿
fdq eh dfklhyhg lq
d vxejdph shuihfw Qdvk htxloleulxp ri wkh wzr0shulrg prgho1 Krzhyhu/ Hoolqjvhq +4<<8, vkrzv
wkdw rqo| wkh Vwdfnhoehuj srlqwv vxuylyh wkh holplqdwlrq ri zhdno| grplqdwhg vwudwhjlhv1 Wkxv/ wkh
lqwhuhvwlqj ihdwxuh ri wklv prgho lv wkdw lw suhglfwv dq dv|pphwulf rxwfrph hyhq zkhq upv duh
d0sulrul v|pphwulf1 Dv d frqvhtxhqfh wrwdo txdqwlw| dqg zhoiduh duh kljkhu wkdq lq d vwdqgdug
rqh0shulrg Frxuqrw pdunhw1
Dqrwkhu prgho lq zklfk gxrsrolvwv duh jlyhq pruh  h{lelolw| lq wkh wlplqj ri pryhv lv
Kdplowrq dqg Voxwvn|*v +4<<3, h{whqghg jdph zlwk dfwlrq frpplwphqw lq zklfk wzr upv pd|
fkrrvh wkhlu dfwlrq lq rqh rxw ri wzr shulrgv1 D up pd| pryh hduo| e| frpplwwlqj lwvhoi wr d
txdqwlw|/ ru lw pd| zdlw xqwlo wkh vhfrqg shulrg dqg revhuyh wkh rwkhu up*v uvw0shulrg dfwlrq1
Djdlq/ wkhuh duh wzr hqgrjhqrxv Vwdfnhoehuj htxloleuld zlwk hlwkhu up dv wkh Vwdfnhoehuj ohdghu1
￿
Zkloh wkhuh dovr h{lvwv d vlpxowdqhrxv0pryh Frxuqrw htxloleulxp lq sxuh vwudwhjlhv/ wklv htxloleulxp
lv lq zhdno| grplqdwhg vwudwhjlhv1
Wklv sdshu uhsruwv wkh uhvxowv ri dq h{shulphqw ghvljqhg wr lqyhvwljdwh Vdorqhu*v wzr0shulrg
prgho zlwk txdqwlw| frpshwlwlrq dqg lghqwlfdo upv1 Lq wkh h{shulphqw/ {hg sdluv ri vxemhfwv
duh uhshdwhgo| pdwfkhg wr sod| wkh jdph1 Wkh uhvxowv lq wkh wzr0shulrg pdunhw duh frpsduhg zlwk
uhvxowv lq vwdqgdug rqh0shulrg Frxuqrw pdunhwv1 Jlyhq wkh wzr prghov* suhglfwlrqv/ L vkdoo irfxv rq
wkuhh uhvhdufk txhvwlrqv= +4, Gr zh revhuyh wkh hqgrjhqrxv hphujhqfh ri Vwdfnhoehuj rxwfrphv lq
wkh wzr0shulrg pdunhwvB +5, Zloo wkh wzr0shulrg pdunhwvdv lq wkhru||lhog kljkhu wrwdo rxwsxwv
dw vpdoohu sulfhv wkdq vwdqgdug Frxuqrw pdunhwv/ wkxv lqfuhdvlqj wrwdo zhoiduhB
￿
+6, Zkdw lv wkh
dfwxdo ehkdylru lq wkh wzr shulrgv ri Vdorqhu*v prghoB
Wkhuh duh vhyhudo uhdvrqv zk| lq dq h{shulphqwdo vhwwlqj ri wkh wzr0shulrg prgho lw lv
grxewixo wkdw rqh revhuyhv wkh hqgrjhqrxv hphujhqfh ri d Vwdfnhoehuj rxwfrph1 Iluvw/ Hoolqjvhq*v
uhvxow lv edvhg rq lwhudwhg holplqdwlrq ri zhdno| grplqdwhg vwudwhjlhv1 Hduolhu h{shulphqwv/ krz0
hyhu/ kdyh ghprqvwudwhg wkdw vxemhfwv gr qrw lwhudwlyho| holplqdwh grplqdwhg vwudwhjlhv exw vwrs
￿
Vdorqhu dfwxdoo| doorzv iru d pxfk pruh jhqhudo ghpdqg ixqfwlrq1 Vhh Vhfwlrq 5 dqg hvshfldoo| irrwqrwh <1
￿
Wklv lv vhw H lqglfdwhg lq Iljxuh 41
￿
Vhh Pdwvxpxud +4<<<, iru d pruh jhqhudo yhuvlrq ri wklv prgho/ l1h1/ zlwk pruh wkdq wzr upv dqg zlwk pruh
wkdq wzr surgxfwlrq shulrgv1
￿
Lq Kxfn/ P oohu dqg Qrupdqq +5334, lq zklfk Vwdfnhoehuj pdunhwv zlwk h{rjhqrxv uroh dvvljqphqw duh frpsduhg
zlwk Frxuqrw pdunhwv/ lw lv irxqg wkdwdowkrxjk sxuh Vwdfnhoehuj rxwfrphv duh uduho| revhuyhgwrwdo rxwsxw lq
wkh iruphu pdunhwv duh frqvlvwhqwo| kljkhu wkdq lq wkh odwwhu1
5diwhu rqh ru yhu| ihz urxqgv ri uhdvrqlqj1
￿
1 Vhfrqg/ wkhuh lv d frruglqdwlrq sureohp dv wkhuh duh
wzr Vwdfnhoehuj rxwfrphv zlwk hlwkhu up hyroylqj dv wkh Vwdfnhoehuj ohdghu1 Lq d v|pphwulf vhwxs
lw lv qrw fohdu krz vxemhfwv fdq ryhufrph wklv frruglqdwlrq sureohp1
￿
Wklug/ erwk vxejdph shuihfw
htxloleuld lpso| odujh sd|r glhuhqfhv1 Wkh h{whqvlyh h{shulphqwdo hylghqfh rq h1j1 wkh xowlpd0
wxp jdph vkrzv wkdw vxemhfwv glvsod| dq dyhuvlrq wr glvdgydqwdjhrxv lqhtxdolw| vxjjhvwlqj wkdw
Vwdfnhoehuj rxwfrphv duh xqolnho| wr hyroyh +vhh Ihku dqg Vfkplgw +4<<<, dqg Erowrq dqg Rfnhq0
ihov +5333,,1 Ilqdoo|/ Kxfn/ P oohu/ dqg Qrupdqq +5335, h{shulphqwdoo| lqyhvwljdwh wkh h{whqghg
jdph zlwk dfwlrq frpplwphqw ri Kdplowrq dqg Voxwvn| +4<<3, phqwlrqhg deryh1 Wkh gdwd grhv
qrw frqup wkh wkhru|1 Zkloh Vwdfnhoehuj htxloleuld duh h{wuhpho| uduh/ riwhq hqgrjhqrxv Frxuqrw
rxwfrphv dqg vrphwlphv frooxvlyh sod| lv revhuyhg1
Qrwzlwkvwdqglqj wkhvh remhfwlrqv dqg wkrvh pdgh hovhzkhuh +h1j1 lq Sdo/ 4<<9, lw vhhpv
lqwhuhvwlqj dqg xvhixo wr h{soruh krz h{shulphqwdo vxemhfwv ehkdyh lq wkh wzr0shulrg pdunhw1 Iluvw
ri doo/ wkh wzr0shulrg prgho vhhpv wr eh pruh uhohydqw wkdq wkh rqh0shulrg Frxuqrw prgho dv
uhdo0zruog upv gr kdyh pruh  h{lelolw| lq wkh wlplqj ri ghflvlrqv uhjduglqj h1j1 txdqwlwlhv +ru fd0
sdflwlhv,/ dv lq wkh fxuuhqw prgho/ ru sulfhv1 Lw lv wkhq rqo| ghvludeoh wr frqwudvw wkhruhwlfdo uhvxowv
zlwk hpslulfdo qglqjv1 Vhfrqg/ Vdorqhu*v prgho lv sduw
￿
ri wkh jurzlqj wkhruhwlfdo olwhudwxuh ghdo0
lqj zlwk wkh hqgrjhql}dwlrq ri pdunhw vwuxfwxuhv1 Lqvwhdg ri h{rjhqrxvo| dvvxplqj prghv ri sod|
+hlwkhu vlpxowdqhrxv ru vhtxhqwldo,/ wklv olwhudwxuh wulhv wr lghqwli| idfwruv
￿
wkdw pljkw ohdg wr wkh
hqgrjhqrxv hphujhqfh ri ohdghu0iroorzhu ru vlpxowdqhrxv0pryh rxwfrphv1 Lw pljkw wkhq eh iuxlwixo
wr jlyh wkhrulvwv ihhgedfn derxw wkh ehkdylrudo uhohydqfh ri vxfk idfwruv e| surylglqj hpslulfdo hyl0
ghqfh1 Wklug/ Kxfn/ P oohu dqg Qrupdqq +5335, hpsor|hg d udqgrp0pdwfklqj vfkhph1 Rqh pljkw
dujxh wkdw {hg pdwfklqj lv pruh dssursuldwh dv lw pljkw khos vxemhfwv wr ryhufrph wkh lqkhuhqw
frruglqdwlrq sureohp1 Iru h{dpsoh/ zlwk uhshdwhg lqwhudfwlrq d sod|hu lv pruh olnho| wr vxffhvvixoo|
￿
D vwxqqlqj idloxuh ri vxemhfwv wr jr wkurxjk orqjhu fkdlqv ri uhdvrqlqjv lv uhsruwhg lq d uhfhqw sdshu e| N eohu
dqg Zhl}vçfnhu +lq suhvv, rq lqirupdwlrqdo fdvfdghv1 Iru ixuwkhu hylghqfh rq vxemhfwv* ghswk ri uhdvrqlqj vhh/ h1j1/
wkh vhplqdo zrun e| Qdjho +4<<8, ru wkh pruh uhfhqw sdshu e| Frvwd0Jrphv/ Fudzirug/ dqg Eurvhwd +5334,1
￿
Ydq Gdpph dqg Kxunhqv +4<<<, dqdo|}h Kdplowrq dqg Voxwvn|*v h{whqghg jdph zlwk dfwlrq frpplwphqw lq wkh
suhvhqfh ri frvw glhuhqfhv1 Wkhlu prgho kdv wzr sxuh vwudwhj| Vwdfnhoehuj htxloleuld/ wrr1 Krzhyhu/ lq rughu wr
vroyh wkh lqkhuhqw frruglqdwlrq sureohp wkh| dsso| wkh wudflqj surfhgxuh +Kduvdq|l dqg Vhowhq/ 4<;;,1 Dv d uhvxow/
wkh Vwdfnhoehuj htxloleulxp zlwk wkh h!flhqw up dv wkh Vwdfnhoehuj ohdghu lv vhohfwhg1
￿
Lq idfw/ lw lv rqh ri wkh yhu| uvw lq wklv duhd1
￿
Ehvlghv pruh  h{lelolw| lq wkh wlplqj ri pryhv/ vxfk idfwruv duh iru h{dpsoh zkhwkhu upv fdq hqjdjh lq suh0sod|
frppxqlfdwlrq derxw wkh wlplqj ri pryhv ru zkhwkhu wkh| fdq revhuyh ghod| e| ulydov +Kdplowrq dqg Voxwvn|/ 4<<<,/
glhuhqw ulvn dwwlwxghv lq wkh suhvhqfh ri ghpdqg xqfhuwdlqw| +Vshqfhu dqg Eudqgqhu/ 4<<5/ dqg Ndpekx/ 4<;7, ru
glhuhqw surgxfwlrq fdsdflwlhv +Ghqhfnhuh dqg Nryhqrfn/ 4<<5,1
6whdfk wkh rwkhu sod|hu1 Dovr/ sudfwlwlrqhuv pljkw vxjjhvw wkdw {hg pdwfklqj lv pruh uhohydqw
dv lq uhdo0zruog pdunhwv upv lqwhudfw uhshdwhgo|1 Wkhuhiruh {hg pdwfklqj lv hpsor|hg lq wkh
h{shulphqwv uhsruwhg khuh1 Ilqdoo|/ wkh wzr0shulrg prgho pljkw jlyh ulvh wr lqwhuhvwlqj g|qdplfv
dqg dgdswdwlrq sdwwhuqv1
Wkh h{shulphqwv |lhog wkh iroorzlqj dqvzhuv wr wkh wkuhh txhvwlrqv dvnhg deryh= Iluvw/
lq erwk pdunhwv +urxjko|, v|pphwulf rxwfrphv hphujh1 Vhfrqg/ diwhu d vkruw dgdswdwlrq skdvh
dyhudjh lqgxvwu| rxwsxw lv wkh vdph lq erwk pdunhwv dqg orzhu wkdq suhglfwhg e| wkh wudglwlrqdo
rqh0shulrg Frxuqrw prgho1 Wklug/ ehkdylru lq wkh lqglylgxdo wzr0shulrg pdunhwv lv txlwh glyhuvh
udqjlqj iurp sxuh frooxvlyh ehkdylru wr ehkdylru wkdw ohdgv wr Frxuqrw0Qdvk lqgxvwu| rxwsxwv1
Ixuwkhupruh/ rq dyhudjh ;6( ri wkh wrwdo txdqwlw| lq wkh wzr0shulrg pdunhwv lv surgxfhg lq wkh
uvw surgxfwlrq shulrg dqg 4:( lq wkh vhfrqg shulrg1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhlwhudwhv Vdorqhu*v prgho
e| phdqv ri wkh pdunhw sdudphwhuv xvhg lq wkh h{shulphqwv1 Vhfwlrq 6 ghvfulehv wkh h{shulphqwdo
surfhgxuhv1 Vhfwlrqv 7 suhvhqwv wkh h{shulphqwdo uhvxowv/ dqg/ qdoo|/ Vhfwlrq 8 frqfoxghv1
5 Wkhru|
Lq wkh iroorzlqj L uhlwhudwh Vdorqhu*v +4<;:, prgho dorqj zlwk lwv vroxwlrq xvlqj wkh vshflf ghpdqg
dqg frvw ixqfwlrqv lpsohphqwhg lq wkh h{shulphqw1 Iru wkh jhqhudo uhvxow vhh Vdorqhu*v sdshu1 Iru
wkh vdnh ri frpsdulvrq/ L vkdoo xvh wkh qrwdwlrq dgrswhg e| Vdorqhu1
Frqvlghu d gxrsro| pdunhw zlwk wzr surgxfwlrq shulrgv dqg dvvxph wkdw wkh pdunhw fohduv
rqo| diwhu wkh vhfrqg shulrg1 Ilupv duh dvvxphg wr kdyh frqvwdqw pdujlqdo frvwv ri f
￿
@ 4> l @ 4> 5>
uhvshfwlyho|/ qr pdwwhu lq zklfk shulrg surgxfwlrq wdnhv sodfh1 Lq wkh uvw surgxfwlrq shulrg upv
4 dqg 5 vlpxowdqhrxvo| fkrrvh rxwsxwv t
￿
￿  3 dqg t
￿
￿  3> uhvshfwlyho|1 Wkhvh rxwsxwv ehfrph
frpprqo| nqrzq ehiruh/ lq wkh vhfrqg surgxfwlrq shulrg/ wkh upv vlpxowdqhrxvo| fkrrvh rxwsxwv
t
￿
￿  3 dqg t
￿






￿ = Dw wkh hqg ri wkh vhfrqg shulrg/




































+Uhfdoo wkdw upv kdyh frqvwdqw pdujlqdo frvwv ri rqh1,
Lw lv vwudljkwiruzdug wr vkrz wkdw lq wkh vwdqgdug Frxuqrw prgho zlwk rqo| rqh surgxfwlrq




, @ +66> 66,=
7Jlyhq wkh wlplqj dqg wkh lqirupdwlrq frqglwlrqv ri wkh wzr0shulrg jdph/ d sod|hu*v vwudwhj|
























































j= Vdorqhu vkrzv wkdw
wkh hohphqwv ri H duh wkh rqo| rxwfrphv wkdw fdq eh vxvwdlqhg e| vxejdph shuihfw Qdvk htxloleuld1





























































































Lq wkh iroorzlqj L zloo looxvwudwh zk| wkh vwudwhjlhv jlyhq lq +5, dqg +6,
frqvwlwxwh vxejdph shuihfw htxloleuld1 Wr xqghuvwdqg zk| wkhuh duh qr rwkhu vxejdph shuihfw
htxloleulxp rxwfrphv/ vhh Vdorqhu +4<;:/ s1 4;9,1 Uhihu wr Iljxuh 4 zklfk vkrzv wkh ehvw uhvsrqvh
ixqfwlrqv ri wkh wzr upv dorqj zlwk wkh vhw H1 Wkh glhuhqw duhdv ghqrwhg e| L wkurxjk LY +dqg
pdgh ylvleoh e| glhuhqw vkdglqj, fruuhvsrqg wr wkh irxu fdvhv ri vhfrqg0shulrg ehkdylru ri wkh





￿ , olhv lq duhd +L,/ erwk upv* uvw0shulrg rxwsxwv duh douhdg| kljkhu wkdq zkdw +4, suhvfulehv lq





￿ , olhv lq duhd +LL, phdqlqj wkdw erwk upv kdyh surgxfhg ohvv wkdq wkhlu Frxuqrw0Qdvk






Qrwh wkdw Vdorqhu +4<;:, dvvxphv qh{w wr frqvwdqw pdujlqdo frvwv/ d jhqhudo ghpdqg ixqfwlrq vxfk wkdw d up*v




￿ D 3= Wklv hqvxuhv wkdw wkh vwdqgdug rqh0shulrg pdunhw kdv d xqltxh
Frxuqrw0Qdvk htxloleulxp1 Krzhyhu/ zlwk d pruh jhqhudo ghpdqg ixqfwlrq/ wkh vhw V
￿
ri up l*v +l ' > 2 Vwdfnhoehuj
srlqwv pd| frqwdlq pruh wkdq rqh hohphqw1 Wkhuhiruh/ wkh pruh jhqhudo uhvxow suryhq lq Vdorqhu +4<;:, lv wkdw wkh












lv wkh lqpxp ri wkh vhw V
￿
> l ' > 2
duh wkh vxejdph shuihfw Qdvk htxloleuld ri wkh wzr0shulrg jdph1
8Iljxuh 4= Wkh upv* ehvw0uhvsrqvh ixqfwlrqv
lq duhd +LLL,/ wkhq upv l*v uvw0shulrg rxwsxw lv djdlq douhdg| kljkhu wkdq zkdw wklv up*v ehvw0
uhvsrqvh ixqfwlrq suhvfulehv wr up m*v uvw0shulrg rxwsxw1 Wkxv/ djdlq/ up l lv ehvw r e| fhdvlqj




￿ , olhv lq duhd +LY,/ up m zloo fhdvh surgxfwlrq zkloh up l surgxfhv
xs wr lw*v ehvw uhvsrqvh wr up m*v uvw0shulrg rxwsxw1 Wkxv/ wkh vhfrqg0vwdjh vwudwhj| ghvfulehg
lq +6, lv sduw ri hyhu| vxejdph shuihfw Qdvk htxloleulxp1
Frqvlghu qh{w wkh uvw shulrg ghflvlrq1 Iluvw/ lw lv fohdu wkdw qhlwkhu up kdv dq lqfhqwlyh wr
surgxfh pruh wkdq zkdw lv suhvfulehg e| +5, vlqfh wklv zrxog uhvxow lq dq rxwsxw wkdw olhv rxwvlgh





















5 U zklfk lv d zruvh rxwfrph iru wkh ghyldwlqj up 51 Wkh uhdvrq ehlqj wkdw iru




> up 5*v suhihuhqfhv duh lqfuhdvlqj lq t
￿
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, @ 3= Wkdw lv/ lq wklv htxloleulxp surgxfwlrq wdnhv sodfh rqo| lq wkh uvw shulrg1 Krzhyhu/
wklv qhhg qrw eh wkh fdvh lq d vxejdph shuihfw htxloleulxp1 Vlqfh surgxfwlrq frvwv gr qrw ydu|




` @ ^66> 7<=8`
lq wkh uvw shulrg zkhuhdv up m fkrrvhv t
￿
￿  3 dqg t
￿





9Krzhyhu/ dv Hoolqjvhq +4<<8, qrwhv/ rqo| wkh Vwdfnhoehuj srlqwv vxuylyh wkh holplqdwlrq ri
zhdno| grplqdwhg vwudwhjlhv1 Dv Vdorqhu +4<;:/ s1 4;9, qrwhv/ lqwxlwlyho|/ lw lv wkh wkuhdw wkdw wkh
iroorzhu zloo uhvsrqg rswlpdoo| lq wkh vhfrqg shulrg lq fdvh wkh ohdghu xqghusurgxfhv lq wkh uvw






h{shulphqwv zhuh frqgxfwhg dw Kxperogw Xqlyhuvlw| Ehuolq dqg dw Ur|do
Kroorzd| Froohjh +Xqlyhuvlw| ri Orqgrq, lq Qryhpehu dqg Ghfhpehu 53331
Xsrq duulydo lq wkh ode vxemhfwv zhuh dvvljqhg d frpsxwhu vfuhhq dqg uhfhlyhg zulwwhq
lqvwuxfwlrqv1 Diwhu uhdglqj wkhp/ txhvwlrqv frxog eh dvnhg lq sulydwh1 Doo h{shulphqwv frqvlvwhg ri
58 urxqgv1
Vxemhfwv frxog fkrrvh txdqwlwlhv iurp d qlwh julg ehwzhhq 3 dqg 433 zlwk 134 dv wkh vpdoohvw
vwhs1 Khqfh/ wkh dfwlrq vsdfh kdg d vx!flhqwo| qh julg vxfk wkdw frqwlqxrxv dfwlrq vsdfhv zhuh
dssur{lpdwhg1 Wkhuhiruh/ wkh deryh ehqfkpdunv duh dovr ydolg lq wkh h{shulphqw1 Wkh qh julg
dovr kdv wkh dgydqwdjh wkdw pxowlsoh Qdvk htxloleuld gxh wr wkh glvfuhwl}dwlrq ri wkh dfwlrq vsdfh
+Krow/ 4<;8, fdq eh dyrlghg1
Wkhuh zhuh wzr wuhdwphqwv1 Lq wuhdwphqw Wzr wkh wzr0shulrg gxrsro| dv ghvfulehg
lq wkh suhylrxv vhfwlrq zdv lpsohphqwhg1 Dgglwlrqdoo|/ dv d frqwuro wuhdwphqw/ d vwdqgdug rqh0
shulrg Frxuqrw gxrsro| +wuhdwphqw Rqh, zdv uxq1 Lq erwk wuhdwphqwv {hg pdwfklqj zdv xvhg1
Iru hdfk wuhdwphqw/ whq pdunhwv zhuh frqgxfwhg= vl{ wzr0shulrg dqg vl{ rqh0shulrg pdunhwv zhuh
frqgxfwhg dw Kxperogw Xqlyhuvlw| dqg irxu wzr0shulrg dqg irxu rqh0shulrg pdunhwv zhuh frqgxfwhg
dw Ur|do Kroorzd| Froohjh1 Lq doo/ iruw| vxemhfwv sduwlflsdwhg lq wkh h{shulphqwv1
Lq wuhdwphqw Rqh vxemhfwv kdg wr ghflgh derxw wkh vlqjoh txdqwlw| wkh| zdqwhg wr surgxfh
lq hdfk urxqg1 Lq wuhdwphqw Wzr/ krzhyhu/ vxemhfwv zhuh lqiruphg wkdw hdfk urxqg zrxog frqvlvw
ri wzr surgxfwlrq shulrgv lq zklfk surgxfwlrq pd| wdnh sodfh1 Wkh| zhuh lqiruphg wkdw lq wkh uvw
surgxfwlrq shulrg erwk upv zrxog vlpxowdqhrxvo| ghflgh zklfk txdqwlw| wkh| zdqw wr surgxfh lq
wklv surgxfwlrq shulrg dqg wkdw/ wkhq/ hdfk up zrxog eh lqiruphg derxw wkh txdqwlw| wkh rwkhu up
kdv surgxfhg lq wkh uvw surgxfwlrq shulrg1 Wkhq erwk upv zrxog ghflgh +djdlq vlpxowdqhrxvo|,
zklfk dgglwlrqdo txdqwlw| wkh| zdqw wr surgxfh lq wkh vhfrqg surgxfwlrq shulrg1 Ixuwkhupruh/




Zh xvhg wkh vriwzduh wrro nlw }0Wuhh/ ghyhorshg e| Ilvfkedfkhu +4<<<,1
:eh fkrvhq1 Wkdw lv/ lw zdv rqo| srvvleoh wr lqfuhdvh wkh wrwdo txdqwlw| +ru wr ohdyh lw frqvwdqw,1 Exw
lw zdv qrw srvvleoh wr zlwkgudz vrph ri wkh txdqwlw| wkdw zdv surgxfhg lq wkh uvw surgxfwlrq
shulrg1
Vxemhfwv kdg txdolwdwlyh lqirupdwlrq derxw ghpdqg dqg frvw frqglwlrqv dqg zhuh deoh wr
ghwhuplqh wkh ehvw uhso| wr wkh txdqwlw| ri wkh rwkhu up1 Wklv lqirupdwlrq zdv surylghg yhuedoo|
+vhh wkh Dsshqgl{, dqg lq wkh irup ri d csurw fdofxodwru*1 Wkh surw fdofxodwru zrunhg dv iroorzv1
Zkhq ihg zlwk gdwd uhjduglqj wkh rwkhu up +wrwdo txdqwlw| ri wkh rwkhu up,/ wkh fdofxodwru
doorzhg wr wu| rxw wkh frqvhtxhqfhv ri rzq dfwlrqv1 Qrwh wkdw d surw fdofxodwru jlyhv txdolwdwlyho|
wkh vdph lqirupdwlrq dv d surw wdeoh zklfk lv riwhq surylghg lq Frxuqrw h{shulphqwv +h1j1/ Krow/
4<;8,1 Pruhryhu/ wkh surw fdofxodwru pljkw khos wr dyrlg d eldv gxh wr olplwhg frpsxwdwlrqdo
fdsdelolwlhv ri vxemhfwv1 Lq wkh vhfrqg surgxfwlrq shulrg ri wuhdwphqw Wzr/ vxemhfwv zhuh dvnhg wr
ihg wkh surw fdofxodwru zlwk dq dgglwlrqdo txdqwlw| ri wkhlu rzq up dqg dq dgglwlrqdo txdqwlw|
ri wkh rwkhu up1 Wkh surw fdofxodwru zrxog wkhq frpsxwh wkh surw wkdw uhvxowv iurp wkh wrwdo
txdqwlwlhv ri erwk upv1
Diwhu hdfk urxqg lq wuhdwphqw Rqh/ vxemhfwv zhuh lqiruphg derxw wkhlu rzq txdqwlw| dqg
surw dqg wkh txdqwlw| ri wkh rwkhu up1 Lq wuhdwphqw Wzr/ wkh| zhuh lqiruphg derxw wkhlu rzq
dqg wkh frpshwlwru*v uvw0shulrg rxwsxw ehiruh ghflglqj derxw vhfrqg0shulrg rxwsxwv1 Diwhu wkh
zkroh urxqg +frqvlvwlqj ri wzr shulrgv, zdv frpsohwhg/ vxemhfwv zhuh lqiruphg derxw wkhlu rzq
txdqwlwlhv dqg wkhlu rzq surw dqg wkh txdqwlwlhv ri wkh rwkhu up1
Zkhuhdv rqh0shulrg pdunhw vhvvlrqv odvwhg derxw 78 plqxwhv/ wzr0shulrg pdunhw vhvvlrqv
odvwhg derxw 4 krxu dqg 53 plqxwhv1 Rq dyhudjh vxemhfwv hduqhg derxw '481
7 H{shulphqwdo uhvxowv
Uhfdoo wkdw wkhru| suhglfwv wkdw d Vwdfnhoehuj rxwfrph zloo hphujh lq wuhdwphqw Wzr1 Dv d uhvxow
wkh up hphujlqj dv d ohdghu vkrxog surgxfh d txdqwlw| ri 7<18 zkhuhdv wkh up hphujlqj dv d
iroorzhu lv h{shfwhg wr surgxfh d txdqwlw| ri 571:8 uhvxowlqj lq wrwdo rxwsxw ri :71581 Lq frqwudvw
wr wklv/ lq wuhdwphqw Rqh erwk upv duh h{shfwhg wr surgxfh d txdqwlw| ri 66 uhvxowlqj lq d wrwdo
rxwsxw ri 991 Dv d frqvhtxhqfh/ wkh wzr0shulrg pdunhw lq wuhdwphqw Wzr |lhogv kljkhu wrwdo
zhoiduh zkhq frpsduhg wr wkh vwdqgdug Frxuqrw gxrsro| pdunhw lq wuhdwphqw Rqh1 Vr wkh uvw
wzr txhvwlrqv L zloo dqvzhu lq wklv vhfwlrq duh=































Wdeoh 4= Vxppdu| ri h{shulphqwdo uhvxowv= Wrwdo txdqwlwlhv
Qrwh= Vwdqgdug ghyldwlrqv lq sduhqwkhvhv1
Txhvwlrq 5 Zloo wkh wzr0shulrg pdunhwv lq wuhdwphqw Wzr |lhog kljkhu wrwdo rxwsxwv dw vpdoohu
sulfhv wkdq vwdqgdug Frxuqrw pdunhwv lq wuhdwphqw Rqh/ wkxv lqfuhdvlqj wrwdo zhoiduhB
Ilqdoo|/ L zloo dqvzhu
Txhvwlrq 6 Zkdw lv wkh dfwxdo ehkdylru lq wkh wzr shulrgv ri Vdorqhu*v prghoB
Txhvwlrq 41 Gr zh revhuyh wkh hqgrjhqrxv hphujhqfh ri Vwdfnhoehuj rxwfrphv lq wuhdwphqw
WzrB Uhfdoo wkdw wkh Vwdfnhoehuj rxwfrph kdv rqh up surgxflqj d txdqwlw| ri 7<18 zkloh wkh
rwkhu up surgxfhv d txdqwlw| ri 571:8 zklfk lq d h{shulphqwdo vhwxs lv fohduo| wr uljlg1 Doorzlqj













eh fodvvlhg dv d Vwdfnhoehuj rxwfrph li t
%
5 ^78> 88` dqg t
&
5 ^55> 5:=8`1 Dsso|lqj wklv fulwhulrq/
lw wxuqv rxw wkdw rqo| ; rxw ri 583 fdvhv fdq eh fodvvlhg dv Vwdfnhoehuj rxwfrphv1 Wkhvh ; fdvhv/





wkdw vxemhfwv glg qrw hyhq vhulrxvo| dwwhpsw wr hvwdeolvk wkhpvhoyhv dv Vwdfnhoehuj ohdghuv1 Lq vxp/
lw vhhpv idlu wr frqfoxgh wkdw wkh dqvzhu wr wkh uvw txhvwlrq lv Qr1
Txhvwlrq 51 Zloo wkh wzr0shulrg pdunhwv lq wuhdwphqw Wzr |lhog kljkhu wrwdo rxwsxwv dw
vpdoohu sulfhv wkdq vwdqgdug Frxuqrw pdunhwv/ wkxv lqfuhdvlqj wrwdo zhoiduhB Wkh dqvzhu wr wklv
txhvwlrq lv qr/ wkh| gr qrw1 Wdeoh 4 vkrzv vxppdu| vwdwlvwlfv iru wkh wzr wuhdwphqwv fodvvlhg e|
eorfv ri urxqgv1 Lqvshfwlqj Wdeoh 4 dqg frqfhqwudwlqj rq lqh{shulhqfhg ehkdylru dv uhsuhvhqwhg lq
urxqgv 4 wr ; zh revhuyh wkh iroorzlqj= Wkrxjk dyhudjh wrwdo txdqwlw| lq wuhdwphqw Wzr lv zlwk




Lqvshfwlqj wkh gdwd uhjduglqj wkh txhvwlrq zkhwkhu pdq| rxwfrphv zrxog idoo rqo| voljkwo| vkruw ri wklv fulwhulrq/
lw wxuqv rxw wkdw wkhuh duh rqo| wzr pruh fdvhv wkdw pljkw eh fodvvlhg dv d Vwdfnhoehuj rxwfrph= +83/ 5<, dqg +78/








































Wdeoh 5= Lqglylgxdo txdqwlwlhv lq wuhdwphqw Wzr
Qrwh= Wrwdo txdqwlwlhv lq sduhqwkhvhv1




Qrwh wkdw dffruglqj wr Wdeoh
4/ ehkdylru lq wuhdwphqw Rqh lv uhpdundeo| vwdeoh ryhu wlph1 Lq frqwudvw/ lq wuhdwphqw Wzr zh
revhuyh wkdw dyhudjh txdqwlwlhv gurs iurp d ohyho forvh wr wkh Qdvk htxloleulxp suhglfwlrq gxulqj
wkh uvw eorf wr derxw wkh vdph ohyho dv lq wuhdwphqw Rqh lq eorfv 5 dqg 61 Dqg lqghhg/ hpsor|lqj
djdlq d Pdqq0Zklwqh| X0whvw wklv wlph wr h{shulhqfhg ehkdylru/ l1h1/ wr wrwdo txdqwlwlhv lq eorf 6
lq erwk wuhdwphqwv/ frqupv zkdw vhhpv wr eh reylrxv wr wkh qdnhg h|h= Lqgxvwu| rxwsxw lq erwk
wuhdwphqwv lv lqglvwlqjxlvkdeoh iurp rqh dqrwkhu +s @ 3=;;> wzr0wdlohg Pdqq0Zklwqh| X0whvw,1
Rqh pruh idfw vhhpv wr eh zruwkzkloh qrwlqj/ qdpho| wkdw lq erwk wuhdwphqwv wkhuh lv d
qrwdeoh hqgjdph hhfw= wrwdo rxwsxwv fohduo| ulvh lq wkh odvw shulrg dqg duh forvh wr wkh Frxuqrw0
Qdvk lqgxvwu| rxwsxw ri 99 xqlwv1
Txhvwlrq 61 Zkdw lv wkh dfwxdo ehkdylru lq wkh wzr shulrgv ri Vdorqhu*v prghoB Wr dqvzhu
wklv txhvwlrq ohw xv uvw frqfhqwudwh rq djjuhjdwhg gdwd1 Wdeoh 5 vkrzv dyhudjh lqglylgxdo txdqwlwlhv
lq wkh wzr surgxfwlrq shulrgv dorqj zlwk wrwdo lqglylgxdo txdqwlwlhv lq erwk shulrgv djdlq iru eorfnv
ri urxqgv vhsdudwho|1 Ohw xv frqvlghu h{shulhqfhg ehkdylru dv revhuyhg gxulqj urxqgv 4: wr 571
Dffruglqj wr Wdeoh 5/ d vxemhfw surgxfhv rq dyhudjh d txdqwlw| ri 571;9 lq wkh uvw shulrg1 Qrwh wkdw
wklv txdqwlw| lv yhu| forvh wr wkh v|pphwulfdoo| frooxvlyh lqglylgxdo txdqwlw| ri 571:81 Dffruglqj
wr vxejdph shuihfw ehkdylru dv ghvfulehg e| +6,/ lq wklv fdvh wklv dyhudjh vxemhfw lv h{shfwhg wr
surgxfh d txdqwlw| lq wkh vhfrqg surgxfwlrq shulrg vxfk wkdw wkh wrwdo txdqwlw| lq erwk shulrgv




Khuh rqh jurxs*v dyhudjh wrwdo rxwsxw ryhu wkh urxqgv ri wkh frqvlghuhg eorf ri wkh h{shulphqw zdv wdnhq dv rqh
revhuydwlrq1
4366  57=;9 @ ;= 471 Krzhyhu/ zh revhuyh wkdw dq dyhudjh vxemhfw surgxfhv d txdqwlw| ri rqo| 71<4
lq wkh vhfrqg surgxfwlrq shulrg1
Krzhyhu/ lqvwhdg ri wu|lqj wr h{sodlq wklv dyhudjh sdwwhuq/ ohw xv lqvshfw hdfk ri wkh whq
lqglylgxdo pdunhwv vhsdudwho|1 Dv lw wxuqv rxw/ wkh dyhudjh sdwwhuq dv ghvfulehg deryh lv wkh
vxshusrvlwlrq ri txlwh glhuhqw ehkdylru lq wkh lqglylgxdo pdunhwv udqjlqj iurp sxuho| frooxvlyh
ehkdylru wr Frxuqrw0Qdvk ehkdylru1
Wdeoh 6 glvsod|v phdq gdwd dv revhuyhg lq urxqgv 4: wr 57 lq hdfk lqglylgxdo pdunhw +rughuhg
















ghqrwhv lqgxvwu| rxwsxw dw wkh hqg ri wkh vhfrqg
surgxfwlrq shulrg1 Lqvshfwlqj Wdeoh 6 wkh pdunhwv fdq eh fodvvlhg dv iroorzv=
Pdunhwv 4 dqg 5= Wkhvh wzr pdunhwv duh sxuho| frooxvlyh1 Ilupv surgxfh wkh +yhu| forvh
wr, frooxvlyh txdqwlw| ri 58 lq wkh uvw shulrg dqg fhdvh surgxfwlrq lq wkh vhfrqg shulrg1 Pdunhw 6=
Djdlq dq doprvw sxuho| frooxvlyh pdunhw zlwk dq lqwhuhvwlqj sdwwhuq= Zkhuhdv erwk upv surgxfh





Pdunhw 7= Djdlq d frooxvlyh pdunhw zlwk vxevwdqwldo surgxfwlrq dovr lq wkh vhfrqg
shulrg1 Pdunhw 8= Wklv pdunhw lv fohduo| pxfk forvhu wr frooxvlyh ehkdylru wkdq wr Frxuqrw0Qdvk
ehkdylru= dyhudjh lqgxvwu| rxwsxw htxdov 881461 Djdlq erwk upv surgxfh lq erwk surgxfwlrq
shulrgv1 +Qrwh wkdw up 4 surgxfhv dozd|v d txdqwlw| ri 53 lq wkh uvw shulrg dv fdq eh lqihuuhg
iurp wkh vwdqgdug ghyldwlrq ri }hur lqglfdwhg lq sduhqwkhvhv1, Pdunhw 9= Dffruglqj wr lqgxvwu|
rxwsxw d Frxuqrw0Qdvk pdunhw1 Zruwkzkloh qrwlqj lv wkh idfw wkdw surgxfwlrq lq wkh vhfrqg shulrg
lv udwkhu dv|pphwulf1 Pdunhw := D Frxuqrw0Qdvk pdunhw/ wkrxjk zlwk dq lqwhuhvwlqj sdwwhuq=
Zkhuhdv wkh wzr upv dozd|v surgxfh d txdqwlw| ri 53 ru 63/ uhvshfwlyho|/ lq wkh uvw shulrg/ wkh|
dozd|v surgxfh d txdqwlw| ri 43 ru 8/ uhvshfwlyho|/ lq wkh vhfrqg shulrg wr +urxjko|, htxdo pdunhw
vkduhv1 Pdunhw ;= Dowkrxjk d Frxuqrw0Qdvk pdunhw +dffruglqj wr dyhudjh lqgxvwu| rxwsxw,/ wkh
dfwxdo ehkdylru lq erwk shulrgv grhv qrw iroorz d fohdu dqg vhwwohg0grzq ehkdylru1 Pdunhw <= Wklv
lv dq doprvw sxuh Frxuqrw0Qdvk pdunhw lq zklfk upv/ lqwhuhvwlqjo|/ surgxfh urxjko| wkh Qdvk




Ilup 4 ghyldwhv iurp wklv ehkdylru lq shulrg 57 e| surgxflqj 45 xqlwv1 Wr xqghuvwdqg wklv/ qrwh wkdw lq wkh
vwdqgdug Frxuqrw jdph/ wkh ehvw uhvsrqvh wr d txdqwlw| ri 59 lv wr surgxfh d txdqwlw| ri 69181 Wkxv/ wr surgxfh d
txdqwlw| ri 2 E S=D 3 2D phdqv wkh euhdngrzq ri wkh vlohqw frooxvlrq djuhhphqw zklfk xvxdoo| kdsshqhg rqo| lq
wkh odvw shulrg1


























































































































































Wdeoh 6= Dyhudjh txdqwlwlhv lq hdfk pdunhw lq urxqgv 4:  57 lq wuhdwphqw Wzr
Qrwhv= Vwdqgdug ghyldwlrqv lq sduhqwkhvhv1
45Fodvv ri Urxqgv 4057 Urxqgv 4:057









L 5185 3133 +77, 3196 3133 +49,
LL 816; <1:; +697, 818< <1<8 +465,
LLL 616< 3133 +69, 3133 3133 +9,
LY 43154 :148 +69, 9166 6175 +9,
Wdeoh 7= Dyhudjh txdqwlwlhv lq wkh irxu fodvvhv ri vxedjphv lq wuhdwphqw Wzr
pdunhw zlwk derxw v|pphwulf txdqwlwlhv zlwklq hdfk shulrg1 Qrwlfh wkdw ehkdylru lq wkh vhfrqg
shulrg lv urxjko| dqg rq dyhudjh frqvlvwhqw zlwk vxejdph shuihfw ehkdylru= wkh wzr upv surgxfh
d txdqwlw| lq wkh vhfrqg shulrg vxfk wkdw wrwdo lqglylgxdo txdqwlw| urxjko| htxdov wkh Frxuqrw ohyho
ri 661
Dffruglqj wr wklv fodvvlfdwlrq/ wkhuh duh 8 pdunhwv glvsod|lqj frooxvlyh ehkdylru dqg 8
pdunhwv glvsod|lqj Frxuqrw0Qdvk ehkdylru lq wkh odvw wklug ri wkh h{shulphqw1
Frpsdulqj wrwdo lqglylgxdo txdqwlwlhv ri wkh wzr upv lq d pdunhw dv vkrzq lq Wdeoh 6/ lw
vhhpv idlu wr frqfoxgh wkdw rq dyhudjh urxjko| htxdo pdunhw vkduhv hyroyh1 Krzhyhu/ lq vrph ri
wkh jurxsv pdunhw vkduhv duh txlwh glhuhqw1 Wklv lv sduwlfxoduo| vr lq pdunhw : dqgwr d ohvvhu
ghjuhhlq pdunhw 71 Lq pdunhw : iru h{dpsoh up 4 hduqv lq doo urxqgv ri wkh wklug eorf 4716(
ohvv wkdq up 51 Dowkrxjk/ dv lw lv hylghqw e| qrz/ wkhuh duh doprvw qr rxwfrphv wkdw uhvhpeoh
Vwdfnhoehuj pdunhw vkduhv/ rqh pljkw dvn zkhwkhu pdunhw vkduhv lq wuhdwphqw Wzr duh rq dyhudjh
pruh xqhyhq wkdq lq wuhdwphqw Rqh1 Wr dqvzhu wklv txhvwlrq/ L dvvljq wr hdfk ri wkh lqglylgxdo












Dv lw wxuqv rxw/ lq
urxqgv 4057 wkh dyhudjh v iru wuhdwphqw Rqh lv rqo| voljkwo| kljkhu wkdq wkh dyhudjh v lq wuhdwphqw
Wzr= 415< yv1 414: +vwdqgdug ghyldwlrq= 319: yv1 3159,1 Lq urxqgv 4:057 vlplodu qxpehuv hphujh=
4153 yv1 4143 +vwdqgdug ghyldwlrq= 31:: yv1 3146,1 Lq idfw/ dsso|lqj d Pdqq0Zklwqh| X0whvw wr hdfk
urxqg +qhjohfwlqj qrq0lqghshqghqfh dfurvv urxqgv, uhyhdov wkdw wkh glhuhqfhv duh lqvljqlfdqw lq
hdfk urxqg1 Qrwh/ ixuwkhupruh/ wkdw glhuhqfhv dfurvv pdunhwv duh vpdoohu zlwklq wuhdwphqw Wzr




Wkhuh duh wzr urxqgv lq wuhdwphqw Rqh/ lq zklfk rqh up surgxfhg 31 Wkhuhiruh/ wkhvh wzr fdvhv duh h{foxghg1
46Ohw xv qdoo| dqg eulh | h{soruh dfwxdo ehkdylru lq wkh vhfrqg surgxfwlrq shulrg lq wuhdw0
phqw Wzr1 Uhfdoo irup +6, wkdw ehkdylru lq wkh vhfrqg vwdjh ghshqgv rq wkh lqglylgxdo txdqwlwlhv
surgxfhg lq wkh uvw vwdjh= Zkhuhdv d up vkrxog fhdvh surgxfwlrq lq fodvvhv L dqg LLL/ lw vkrxog
surgxfh xs wr wkh Frxuqrw0Qdvk rxwsxw +l1h1/ xs wr lw*v ehvw uhvsrqvh wr wkh rwkhu up*v uvw0shulrg
rxwsxw, lq fodvv LL +LY,1 Wdeoh 7 vkrzv dyhudjh revhuyhg 5qg0shulrg txdqwlwlhv lq doo ri wkhvh irxu
fodvvhv dorqj zlwk wkh dyhudjh txdqwlw| wkdw zrxog kdyh ehhq rswlpdo dffruglqj wr wkh vxejdph
shuihfw htxloleulxp/ vhsdudwho| iru urxqgv 4057 dqg urxqgv 4:057 +h{shulhqfhg ehkdylru,1 Vhyhudo
revhuydwlrqv duh lq rughu1 Iluvw/ lq dffrugdqfh zlwk zkdw zdv vdlg deryh/ prvw revhuydwlrqv ehorqj
wr fodvv LL/ l1h1/ wr wkh fdvh lq zklfk erwk upv kdyh surgxfhg ohvv wkdq wkh Frxuqrw0Qdvk rxwsxw lq
wkh uvw shulrg= 697 rxw ri 7;3 fdvhv +urxqgv 4057, dqg 465 rxw ri 493 fdvhv +urxqgv 4:057,1 Vhfrqg/
qr pdwwhu zklfk wlph lqwhuydo rqh frqvlghuv/ rq dyhudjh upv surgxfh ohvv wkdq zkdw zrxog kdyh
ehhq rswlpdo lq fodvv LL= 816; yv1 <1:; +urxqgv 4057, dqg 818< yv1 <1<8 +urxqgv 4:057,1 Wkdw lv/ dv zh
douhdg| nqrz/ rq dyhudjh upv gr qrw surgxfh xs wr wkh Frxuqrw0Qdvk txdqwlw| dv lw lv uhtxluhg
e| vxejdph shuihfw ehkdylru lq wklv fodvv1 Lq rwkhu zrugv/ upv dfw vrphzkdw frooxvlyho|1 Wklug/
djdlq lqghshqghqw ri wkh wlph lqwhuydo frqvlghuhg/ rq dyhudjh upv surgxfh pruh wkdq zkdw zrxog
kdyh ehhq rswlpdo lq fodvv LY= 43154 yv1 :148 +urxqgv 4057, dqg 9166 yv1 6175 +urxqgv 4:057,1 Qrwh
wkdw lq fodvv LY/ wkh rwkhu up*v uvw0shulrg rxwsxw fdq eh pxfk kljkhu wkdq wkh uvw0shulrg rxwsxw
ri wkh rzq up1 Wkxv/ dq rxwsxw eh|rqg ri zkdw zrxog kdyh ehhq rswlpdo/ fdq eh lqwhusuhwhg
dv dq dwwhpsw wr edodqfh pdunhw vkduhv1 I rxuwk/ vxemhfwv dsshdu wr kdyh ohduqhg ryhu wlph wr
fhdvh surgxfwlrq lq fodvvhv L dqg LLL= Dyhudjh revhuyhg txdqwlwlhv lq shulrgv 4:057 duh +forvh wr,
3 lq wkhvh fdvhv zkhuhdv wklv lv qrw wkh fdvh lq wkh uvw wzr wklugv ri wkh h{shulphqw dv ehfrphv
dssduhqw e| orrnlqj dw wkh uhvshfwlyh qxpehuv lq shulrgv 40571 Lq doo/ lw dsshduv wkdw ohduqlqj
ohdgv wr vhfrqg0shulrg ehkdylru wkdw ryhu wlph pryhv forvhu wr wkh vxejdph shuihfw htxloleulxp
suhglfwlrq1
8 Glvfxvvlrq
Jlylqj upv pruh  h{lelolw| zlwk uhjdug wr wkh wlplqj ri ghflvlrqv/ Vdorqhu +4<;:, vwxglhv dq
h{whqvlrq ri wkh vwdqgdug Frxuqrw prgho e| doorzlqj upv wr surgxfh lq hdfk ri wzr shulrgv
ehiruh wkh pdunhw fohduv1 Dv d uhvxow/ d frqwlqxxp ri htxloleuld dulvhv lq wklv prgho= Doo srlqwv
lq wkh rxwhu hqyhorsh ri wkh ehvw0uhvsrqvh ixqfwlrqv ehwzhhq dqg lqfoxglqj wkh Vwdfnhoehuj srlqwv
fdq eh vxvwdlqhg dv vxejdph shuihfw Qdvk htxloleuld1 Krzhyhu/ dv qrwhg e| Hoolqjvhq +4<<8,/
47rqo| wkh Vwdfnhoehuj srlqwv vxuylyh wkh lwhudwhg holplqdwlrq ri zhdno| grplqdwhg vwudwhjlhv1 Wkxv/
hyhq d0sulrul v|pphwulf upv duh suhglfwhg wr hqg xs lq dv|pphwulf srvlwlrqv1 Frqwudu| wr wklv
suhglfwlrq/ wkh pdlq uhvxow uhsruwhg lq wklv sdshu lv wkdw derxw v|pphwulf rxwfrphv hphujh lq
wkh h{shulphqwdo wzr0shulrg pdunhwv1 Pruhryhu/ zkhq vxemhfwv duh h{shulhqfhg/ dyhudjh lqgxvwu|
rxwsxwv lq wzr0shulrg pdunhwv duh wkh vdph dv lq rqh0shulrg Frxuqrw pdunhwv1 Dovr/ wkh exon ri
wkh lqgxvwu| rxwsxwqdpho| rq dyhudjh ;6(lv surgxfhg gxulqj wkh uvw surgxfwlrq shulrg1
Wkh hqgrjhqrxv hphujhqfh ri Vwdfnhoehuj rxwfrphv lq h{shulphqwdo gxrsro| pdunhwv zlwk





yhu| xqolnho|1 Vxemhfwv* dyhuvlrq wr glvdgydqwdjhrxv lqhtxdolw| dv frqfhswxdol}hg lq/ h1j1/ I hku dqg
Vfkplgw +4<<<, dqg Erowrq dqg Rfnhqihov +5333, vhhpv wr eh wrr vwurqj wr doorz v|pphwulf dv zhoo
dv dv|pphwulf upv wr hqg xs lq dv|pphwulf srvlwlrqv1
Uhihuhqfhv
^4` Frvwd0Jrphv/ P1/ Y1 Fudzirug/ dqg E1 Eurvhwd +5334,= Frjqlwlrq dqg ehkdylru lq qrupdo0irup
jdphv= Dq h{shulphqwdo vwxg|/ Hfrqrphwulfd 9</ 44<6045681
^5` Ghqhfnhuh/ U1M1 dqg G1 Nryhqrfn +4<<5,= Sulfh ohdghuvkls/ Uhylhz ri Hfrqrplf Vwxglhv 8</
47604951
^6` Hoolqjvrq/ W1 +4<<8,= Rq  h{lelolw| lq roljrsro|/ Hfrqrplfv Ohwwhuv 7;/ ;60;<1
^7` Irqvhfd/ P1D1/ V1 Kxfn/ dqg K10W1 Qrupdqq +5335,= Sod|lqj Frxuqrw dowkrxjk wkh| pxvwq*w/
Zrunlqj sdshu/ Wkh HVUF Fhqwuh iru Hfrqrplf Ohduqlqj dqg Vrfldo Hyroxwlrq +HOVH,/ Xql0
yhuvlw| Froohjh Orqgrq1
^8` Kdplowrq/ M1K1/ dqg V1P1 Voxwvn| +4<<3,= Hqgrjhqrxv wlplqj lq gxrsro| jdphv= Vwdfnhoehuj
ru Frxuqrw htxloleuld/ Jdphv dqg Hfrqrplf Ehkdylru 5/ 5<0791
^9` Kduvdq|l/ M1/ dqg U1 Vhowhq +4<;;, D Jhqhudo Wkhru| ri Htxloleulxp Vhohfwlrq lq Jdphv/




Dv phqwlrqhg lq wkh lqwurgxfwlrq/ Kxfn/ P oohu dqg Qrupdqq +5335, whvw Kdplowrq dqg Voxwvn|*v +4<<3, h{whqghg
Frxuqrw prgho zlwk dfwlrq frpplwphqw dqg v|pphwulf upv1 Irqvhfd/ Kxfn dqg Qrupdqq +5335, whvw wkh vdph
prgho zlwk dv|pphwulf upv1 Ydq Gdpph dqg Kxunhqv +4<<<, suhglfw iru wklv fdvh wkdw wkh orz0frvw up vkrxog
hphujh dv wkh Vwdfnhoehuj ohdghu1 Krzhyhu/ Vwdfnhoehuj rxwfrphv duh/ djdlq/ h{wuhpho| uduh1
48^:` Krow/ F1K1 +4<;8,= Dq h{shulphqwdo whvw ri wkh frqvlvwhqwfrqmhfwxuhv k|srwkhvlv/ Dphulfdq
Hfrqrplf Uhylhz :8/ 64706581
^;` Kxfn/ V1/ Z1 P oohu/ dqg K10W1 Qrupdqq +5334,= Vwdfnhoehuj ehdwv Frxuqrw= Rq frooxvlrq
dqg h!flhqf| lq h{shulphqwdo pdunhwv/ Hfrqrplf Mrxuqdo 444 +7:7,/ :7<0:981
^<` Kxfn/ V1/ Z1 P oohu/ dqg K10W1 Qrupdqq +5335,= Wr frpplw ru qrw wr frpplw= Hqgrjhqrxv
wlplqj lq h{shulphqwdo gxrsro| pdunhwv/ Jdphv dqg Hfrqrplf Ehkdylru 6;/ 5335/ 57305971
^43` Ndpekx/ M1 +4<;7,= Xqfhuwdlqw| dqg hqgrjhqrxv Vwdfnhoehuj htxloleulxp/ plphr/ Ghsduwphqw
ri Hfrqrplfv/ Froxpeld Xqlyhuvlw|1
^44` N eohu/ G1/ dqg J1 Zhl}vçfnhu +lq suhvv,= Olplwhg ghswk ri uhdvrqlqj dqg idloxuh ri fdvfdgh
irupdwlrq lq wkh oderudwru|/ Uhylhz ri Hfrqrplf Vwxglhv/ iruwkfrplqj1
^45` Pdwvxpxud/ W1 +4<<<,= Txdqwlw| vhwwlqj roljrsro| zlwk hqgrjhqrxv vhtxhqflqj/ Lqwhuqdwlrqdo
Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq 4:/ 5;<05<91
^46` Qdjho/ U1 +4<<8,= Xqudyholqj lq jxhvvlqj jdphv= Dq h{shulphqwdo vwxg|/ Dphulfdq Hfrqrplf
Uhylhz ;8/ 4646046591
^47` Sdo1 G1 +4<<4,= Frxuqrw gxrsro| zlwk wzr surgxfwlrq shulrgv dqg frvw glhuhqwldov/ Mrxuqdo
ri Hfrqrplf Wkhru| 88/ 774077;1
^48` Sdo1 G1 +4<<9,= Hqgrjhqrxv Vwdfnhoehuj htxloleuld zlwk lghqwlfdo upv/ Jdphv dqg Hfrqrplf
Ehkdylru 45/ ;40<71
^49` Vdorqhu/ J1 +4<;:,= Frxuqrw gxrsro| zlwk wzr surgxfwlrq shulrgv/ Mrxuqdo ri Hfrqrplf Wkh0
ru| 75/ 4;604;:1
^4:` Vshqfhu/ E1M1 dqg M1D1 Eudqgqhu +4<<5,= Suh0frpplwphqw dqg  h{lelolw|= Dssolfdwlrqv wr
roljrsro| wkhru|/ Hxurshdq Hfrqrplf Uhylhz 69/ 4934049591
^4;` ydq Gdpph/ H1 dqg V1 Kxunhqv +4<<<,= Hqgrjhqrxv Vwdfnhoehuj ohdghuvkls/ Jdphv dqg Hfr0
qrplf Ehkdylru/ 5;/ 438045<1
Dsshqgl{
49D W udqvodwhg Lqvwuxfwlrqv
Zhofrph wr rxu h{shulphqw$ Sohdvh uhdg wkhvh lqvwuxfwlrqv fduhixoo|$ Gr qrw vshdn wr |rxu qhljk0
eruv dqg nhhs txlhw gxulqj wkh hqwluh h{shulphqw$ Lq fdvh |rx kdyh d txhvwlrq udlvh |rxu kdqg$ Zh
zloo wkhq frph wr |rx1
Lq wklv h{shulphqw |rx zloo uhshdwhgo| pdnh ghflvlrqv1 Grlqj wklv |rx fdq hduq prqh|1
Krz pxfk |rx hduq ghshqgv rq |rxu ghflvlrqv dqg rq wkh ghflvlrqv ri dqrwkhu sduwlflsdqw1 Doo
sduwlflsdqwv uhfhlyh wkh vdph lqvwuxfwlrqv1 \rx zloo vwd| dqrq|prxv iru xv dqg iru wkh rwkhu
udqgrpo| fkrvhq sduwlflsdqw |rx jhw lq wrxfk zlwk gxulqj wkh h{shulphqw1
Lq wklv h{shulphqw |rx uhsuhvhqw d up1 \rx dqg dqrwkhu up surgxfh dqg vhoo lghqwlfdo
surgxfwv rq wkh vdph pdunhw1 Frvwv ri surgxfwlrq duh 4 HFX shu xqlw +iru doo upv,1
^Wkh iroorzlqj sdudjudsk rqo| lq wuhdwphqw Rqh1` Doo upv zloo dozd|v kdyh wr pdnh rqh
ghflvlrq/ qdpho| zklfk txdqwlw| wkh| zlvk wr surgxfh1
^Wkh iroorzlqj sdudjudsk rqo| lq wuhdwphqw Wzr1` Lq hyhu| urxqg hdfk up kdv wr ghflgh
zklfk txdqwlw| lw zdqwv wr surgxfh1 Hdfk urxqg frqvlvwv ri wzr surgxfwlrq shulrgv lq zklfk
surgxfwlrq pd| wdnh sodfh1 Lq wkh 4vw surgxfwlrq shulrg erwk upv vlpxowdqhrxvo| ghflgh zklfk
txdqwlw| wkh| zdqw wr surgxfh lq wklv surgxfwlrq shulrg1 Wkhq/ hdfk up zloo eh lqiruphg derxw wkh
txdqwlw| wkh rwkhu up kdv surgxfhg lq wkh 4vw surgxfwlrq shulrg1 Wkhq erwk upv ghflgh +djdlq
vlpxowdqhrxvo|, zklfk dgglwlrqdo txdqwlw| wkh| zdqw wr surgxfh lq wkh 5qg surgxfwlrq shulrg1 Lq
wkh vhfrqg surgxfwlrq shulrg |rx fdq rqo| lqfuhdvh |rxu wrwdo txdqwlw| +ru |rx ohdyh lw frqvwdqw,1
Exw |rx fdqqrw zlwkgudz vrph ri wkh txdqwlw| |rx surgxfhg lq wkh uvw surgxfwlrq shulrg1 \rxu
surw shu urxqg zloo eh frpsxwhg xvlqj wkh wrwdo txdqwlwlhv surgxfhg e| |rxu up dqg wkh rwkhu
up1
Wkh iroorzlqj lpsruwdqw uxoh krogv= Wkh odujhu wkh wrwdo txdqwlw| ri erwk upv/ wkh vpdoohu
wkh uhvxowlqj sulfh1 Pruhryhu/ wkh sulfh zloo eh }hur li wrwdo rxwsxw h{fhhgv d fhuwdlq wkuhvkrog1
\rxu surw shu xqlw ri rxwsxw zloo wkhq eh wkh glhuhqfh ehwzhhq wkh pdunhw sulfh dqg wkh
xqlw frvw ri 4 HFX1 Qrwh wkdw |rx fdq pdnh d orvv/ lq fdvh wkh pdunhw sulfh lv ehorz wkh xqlw frvwv1
\rxu surw shu urxqg lv wkxv htxdo wr wkh surw shu xqlw pxowlsolhg e| wkh wrwdo qxpehu ri xqlwv
|rx vhoo1
Lq hdfk urxqg wkh rxwsxwv ri erwk upv zloo eh uhjlvwhuhg/ wkh fruuhvsrqglqj sulfh zloo eh
ghwhuplqhg dqg wkh uhvshfwlyh surwv zloo eh frpsxwhg1
Pruhryhu/ |rx fdq uvw vlpxodwh |rxu ghflvlrq lq hdfk surgxfwlrq shulrg1 \rx fdq gr wkdw
4:rq wkh ohiw kdqg vlgh ri |rxu ghflvlrq vfuhhq1 \rx vlpso| hqwhu vrph rzq txdqwlw| dqg vrph
txdqwlw| ri wkh rwkhu up lqwr wkh er{hv dqg wkhq sxvk wkh exwwrq frpsxwh1 Dw wkh wrs ohiw
fruqhu ri |rxu vfuhhq lw zloo wkhq eh lqglfdwhg zklfk surw iru |rx zrxog uhvxow1
Zkhq |rx kdyh frph wr d qdo ghflvlrq lq d surgxfwlrq shulrg/ sohdvh hqwhu wklv ghflvlrq
lqwr wkh er{ rq wkh uljkw kdqg vlgh ri |rxu vfuhhq dqg sxvk wkh exwwrq RN1
Wkh h{shulphqw frqvlvwv ri 58 urxqgv1 \rx zloo eh frqvwdqwo| pdwfkhg zlwk wkh vdph rwkhu
sduwlflsdqw1
\rxu wrwdo prqhwdu| hduqlqjv zloo eh ghwhuplqhg e| wkh vxp ri |rxu hduqlqjv shu urxqg1
Dw wkh hqg ri wkh h{shulphqw |rxu hduqlqjv zloo eh frqyhuwhg lqwr GP +Srxqgv, zkhuh <33 HFX @
4 GP +6333 HFX @ 4 Srxqg,1 Dw wkh ehjlqqlqj ri wkh h{shulphqw |rx jhw d rqh0wlph hqgrzphqw
ri 833 HFX1
4;